The problem of habitat fragmentation is recently an important issue in ecological research as well as in the practical approach of nature conservation. According to the most popular approaches, habitats are considered as the homogenous parts of the landscape. Also the metapopulation concept problem of the inert habitat heterogenity is considered quite seldom. These approaches have some weak points resulting from the assumption that the border between habitat patches and the metapopulation matrix is fairly sharp. This paper presents a resource-based concept of habitats, based on mathematical theory of point processes, which can be easily applied to analysing the problem of uneven distribution of resources. The basic assumption is that the random distribution of resources may be mathematically described as the realisation of a certain point process. According to our method, it is possible to calculate the expected quantities of available resources as well as the minimum area of habitat that includes the expected abundance of the resource. This approach may be very useful to understand some crucial phenomena in landscape ecology, such as the patch size effect and its connection to habitat loss and fragmentation.
case of Maculinea butterflies, which require food-plants and host-ant's nests [34] . The aim of this study is to demonstrate that where there is a random distribution of resources, the effects of fragmentation can be successfully predicted by using the point processes theory [35] [36] .
The suggested approach is based on the assumption that the random distribution of resources may be mathematically perceived as a realisation of certain point process, e.g. Poisson process. In estimating therefore the intensity of the process, we can learn about the expected occurrence (number, quantity) of a given resource in the selected area. Consequently, we can also calculate the probability that the resource occurs in the given area. Moreover, we can also calculate the probability of the resource occurring in the given area in sufficient quantity to maintain minimum viable populations of certain species. Consequently, one may try to reliably determine the minimum areas required for viable populations. This mathematical tool may be crucial for the process of the locating and size optimisation of protected areas. The methods of estimating the intensity of the Poisson process were described at length by Ripley [37] . Possible applications of the point processes have been recently presented in landscape planning and nature conservation by Grabarnik and Sarkka [38] , who used those techniques for modelling the spatial structure of the forest, and in the field of random geometric graphs by [39] [40] [41] [42] [43] .
In this paper we would like to present the possibility of using point process in the more general resourcebased analysis of the habitat loss mechanism.
Method

Point Processes
Let us denote a certain stochastic environment called state space by S (Figure 1 ). This set may represent a certain defined area for example forest or meadow. Let us denote by D a certain sub area of S where we conduct our observations called observation space. Let us assume that the area S is an open terrain sowing by seeds of anemochorous plants. Other examples are the locations of birds' nests, rocks, or towns. Of course, none of these is actually a point, but in each case the sizes of the objects are so small compared with the distances between them, that their size may be ignored [37] . Thus, seedlings appear in area S . One may try to describe such a process of sowing by giving the locations of particular seedlings treated as points on a plane. In practice it would be a long and laborious process because of the huge number of seedlings and the time which would be needed to search through the whole study area. Another way may involve the description via the number of points in selected parts of the observation space. We should call this space a sample space B . A detailed description of the scenery may be obtained by counting the frequency of points 1 , ..., n x x in subsets B of D . The experimental plots established in standard ecological studies are a particular example charged with additional assumptions [37] [44] . Let us assume that we observe n different points within the measurable state space S and the order of outcome is of no interest. Therefore, space B may be represented by the set 
where
is Dirac measure with mass 1 at x , being defined on B by 
Let us now assume that the number and positions of the points may be random. Let ( ) , ,P Ω F be the probability space on which the random variables are defined. Elements of Ω will be denoted by .
ω A mapping
is called a point process on ( ) As we mentioned earlier, point process is a random point measure on the state space .
S Let us now define a certain non-random measure for the point process, called intensity. Intensity measures play an important role in the characterisation of point processes. The intensity v of a point process N -also called mean measure is defined by the expectations
Hence, ( ) v B is the expected number of points in set .
B
Poisson Process with a Finite Intensity Measure and Distribution of Resources
The basic point process is a Poisson process. Poisson processes are very convenient building blocks from which to generate other point processes. They can be regarded as the analogue of independent observations and are often called "random" outside mathematics [37] .
Let v be a finite intensity measure on the state space ( ) . Ω -set of elementary events, N -point process (cf. Equation (5)),  -space of point measures, B π -projection with index B (cf. Equation (3)).
random variables for each natural k and any pairwise distinct 1 2 , , ..., k B B B ∈ F . Let us consider a vast open terrain, homogeneous in terms of its characteristics, such as, for example a muddy and dried bed of a shallow lake, and the locations of independently wind propagating seeds of one species selected from those colonising the area. The number of seeds which fall on one square metre of the area is a variable with Poisson distribution, which stems from the fact that there are many such seeds, each with little probability of landing on the marked square [44] . We may therefore, safely assume that the distribution of cells in the bed is a realisation of the Poisson process with intensity . λ
Distribution of Resources and Patch Size Effect
Let us assume that the distribution of resources is a realisation of a certain Poisson process with the parameter
We can therefore, calculate the probability of occurrence of the resource k times in the selected area B using the Poisson distribution probability mass function ( ) ( )
Obviously, the process does not have to have a constant measure of intensity, as the latter may change, for example, with the lapse of time
In such a case, the probability of the resource occurring k times on the selected area B within the time pe-
The intensity of a process can also depend on position, which in fact, is commonly seen in biology e.g. we can expect that number of seedlings decrease with distance from the plant producing wind dispersing seeds ( Figure  3 ). In such a case, the probability of hitting exact quantity of recourse is equal to
For the sake of simplification, in the following parts of this study, we will consider processes with a constant intensity measure . λ 
Habitat Loss and Patch Size Effect
Let us consider a situation where one resource R limits the possibility of persistence of a certain species within a certain area S . The lack of the resource or an insufficient quantity means that the species cannot persist in the area S . We also assume that the limiting resource R is randomly distributed on the area S and that the minimum amount of the resource is min 1 R = . This assumption, although biologically questionable, was introduced for the mathematical clarity of the argument. Further parts of this paper will present subsequent steps that bring the model closer to reality. The probability of the PSE occurrence in the area S is thus equal to the probability of finding 0 k = resources in the area, and we can calculate it using (7) ( )
By using (7) we can present the relationship between the size of the area S and the probability of occurrence of PSE in the area as a function of the intensity of process λ . Figure 4(a) presents the relationship between the probability of PSE occurrence and the percentage decrease of the habitat area size, for three intensity levels: 1 λ = , 4 λ = and 10 λ = .
Number and Quantity of Resources and Patch Size Effect
In biological examples, however, the key is often not the occurrence of the resource alone, but also that it occurs in certain quantities. The example of such a situation could be the presence of shoots of a host plant required to maintain the assumed population abundance of an insect [45] . In the suggested approach, the interpretation of such a case is a situation where a greater number of resource occurrence is required ( ) min 1 R > , and the probability of the occurrence of PSE, is equal to the sum of probabilities of the occurrence of smaller quantities of the resource R being smaller than required ( )
Hence, when the occurrence of the given species is only possible when the given resource occurs in the defined area a minimum of three times, the probability of PSE occurring is equal to
The relationship between the probability of PSE occurrence and the percentage decrease in habitat area size, for three intensity levels: Let us have a closer look at the relationship between the intensity of the process and the minimum amount of the resource and their effects on probability of the PSE occurrence (Figure 5(a) ). It can been clearly seen that the less intensive the process, the higher the probability of the PSE occurrence, even for low values of minimum resource quantity. The higher the min R λ ratio, the lower the probability of the PSE occurrence (Figure 5(b) ). The theory of point processes may be also applied in the analysis of availability of a number of different resources-which is, in biological terms, much closer to the real situation. Let us consider the simplest situation, where we have two resources 1 R and 2 R that are limiting the possibility of persistence of a certain species in the area S . Let R -a minimum quantity of resource 2 R and 2 λ -the intensity of the process describing the distribution of the resource 2 R . The species could remain in the area S only when both resources occur in suitable quantities. The PSE will occur when at least one of the required resources occurs in a quantity smaller than required. The possibility of PSE occurring is therefore equal to:
where 1 PSE R P is the probability of the PSE occurrence, as a result of an insufficient number of occurrences of the resource 1 R , 2 PSE R P is the probability of the PSE occurrence as a result of an insufficient number of occurrences of resource 2 R calculated using (7).
Critical Patch Size
The crucial question at the patch scale is how much habitat must be conserved to ensure the persistence of populations [46] . The best-known models for critical patch size are KISS models [47] and Skellam [48] . In current usage, a KISS model is generally interpreted as a reaction-diffusion equation for a population density on a bounded region, with the coefficients of the equation being constant in the region and the density falling to zero on the boundary of the region [49] . An example that we shall address in the present article is critical patch size and its connection to the distribution of resources. Using the point processes theory, we can calculate the minimum size of the habitat patch, where the quantity of resources needed to support a population is to occur with a certain level of probability.
Example
Let us assume that the persistence of a certain population in the area S is limited by a certain resource R . Let us also assume that the distribution of this resource is a realisation of a certain Poisson process with an intensity λ . By reformulating (7) we can calculate the minimum area B (as a fraction of the area S ) on which, with a certain defined probability P and given intensity λ , the given resource will occur at least once Let us illustrate this with a simple example (Figure 6 ). Let us assume that our state space S is an area of 10 hectares. The minimum quantity of the limiting resource R required by the species is min 1 R = . Because the resource R occurs nineteen times in the area S , we assume that the expected quantity of resource (Poisson process intensity) is 19 λ = . Let us assume that we are interested in such a minimum size for patch B , on which the resource occurs with the probability of 0.95 P =
. Therefore, probability of the PSE occurrence is equal to PSE 1 P P = − . Substituting these values into (15) we obtain 0.1576 B =
. It means that the minimum area of the patch where we can observe at least one resource, with the probability of 0.95 P = is 0.1576 of the area S , which, in our case, means that the minimum area of the patch B is 1.576 hectares.
Conclusion-Consequences for Practice
One of the most important aspects of practical nature conservation is to establish protected areas whose objective is to preserve naturally a considerable level of biological diversity, as well as the natural characteristics of ecological processes [50] [51] . So far theoretical aspects of the relationship between the patch size and the level of biodiversity it harbours have been discussed in detail [50] [52]- [56] . However, the issue of minimum area necessary to maintain a viable population of a certain species is still a topic of discussion. Because of the widespread occurrence of the phenomenon, a number of studies have focused on the relationships between habitat patches [3] [14] [20] only marginally treating the issue of single patch size. On the other hand, the IUCN guidelines on the planning of protected areas, recommend that they should possibly cover rather large areas. In a number of studies on the planning of protected areas, the area of a habitat is seen as a kind of indirect measure of population abundance [57] [58] . However, in the case of the diversified internal structure of a habitat, this assumption may lead to the occurrence of serious artifacts, which were theoretically and empirically demonstrated by [59] . The use of knowledge rooted in the theory of point processes, as suggested in this study, allows one to determine the probability of a decrease in the availability of resources in tandem with the diminishing habitat patch size. This approach offers an objective way to find the level of threat in different variants of decreasing area size. The question still to be answered is, which level of probability may provide a basis for creating reliable models of the effect of decreasing patch size, upon the availability of resources and hence on the status of the populations depending on them. The approach proposed in this paper offers only answers concerning the decrease in resources. This situation is analogous with the results of population vulnerability analysis (PVA), which determine the probability of extinction of the population within a certain time [60] [61] [62] [63] . The levels of probability of extinction at which monitoring or protective actions should commence, largely depend on arbitrary decisions depending on the importance of the species, the global status of the threatened species, as well as other detailed factors [64] [65] . The possibility of practical use of the point processes theory, in finding the biological consequences of fragmentation or designing protected areas, increases the widespread application of the GIS systems in these fields [66] [67] [68] . This can help in the development of tools permitting a more precise determination of the effects of disappearance or fragmentation of habitats, and prevention of the adverse effects of such processes. 
, B B . Using the point processes theory, we can calculate the minimum size of the habitat patch where the resource occurs with the given probability.
